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Abstract: Fifty-three surface dust samples collected from four parks in Kaifeng City, China, were analyzed for 16 priority polycyclic aromatic
hydrocarbons (PAHs) by the gas chromatography-mass spectrometry ( GC-MS) method. Meanwhile, the occurrence and health risk of PAHs in these
areas were analyzed. While the contamination level of PAHs was analyzed by using the Nemerow composite index (P) , the health risk was evaluated based
on the incremental lifetime cancer risk (ILCR) and cancer risk ( CR) model recommended by USEPA, respectively. Results showed that the X PAHs
concentrations in the surface dust ranged from 332.20 to 7535.10 wg-kg™! with a mean of 1320.10 pg-kg™", which were dominated by the 4- and 5-ring
PAHs (Phe, Ant, Flu, Pyr, BaA, BbF, BaP). The P values showed different pollution level of PAHs in the four parks as follows: seriously polluted in
Xiangguosi Park (PX), moderately polluted in Tieta Park (PT), slightly polluted in Longting Park (PL) and precaution in Qingmingshanghe Park

(PQ). The ILCR assessment indicated that the health risks for children exposed to dust-borne were considerably greater than those of adults, and for both
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adults and children the dermal contact was the predominant exposure path that induced a relatively higher risk, followed by the ingestion. The average CR

decreased in the order of PX>PT>PL>PQ. The average CR of ¥ PAHs in PX was higher than 107°. The history, features, geographical location, density

of tourists and surrounding environment of parks were essential factors affecting the PAHs concentration, pollution level and CR in dusts. The analysis of

sources apportionment indicated that petroleum emission, petroleum, biomass and coal combustion were the main sources of PAHs.

Keywords: park; surface dust; PAHs; pollution; health risk; Kaifeng City

1 5|5 (Introduction)

Z ¥ 75 48 ( Polyeyclic Aromatic Hydrocarbons,,
PAHs) J& AN B A DA F ORI, |2 A TE T
KA A IR 2 AR rp i — S 3 AR L
SO T 2 I 05 T AR A =307 (3o 3K
W B IEAR ) Rtk B R T RN AR B T2 ORTE.
KEFRE (USEPA) F 25 8 e 2 AE VB %
LR ORI (a) B RO (k) 280 8T (b) %
I (a) BEL T (a,h) BLBTIE (1,2,3-d)
EE AT (g, h, i) JE4F 16 B PAHs BRF ML 575
Yy 3R K A0 A O B 5E S G ) E R R
GU7, R AR BN (1~ 1000 um) ( Yap et al.,
2012) 5 & S 4 )& A PAHs 875 949, HAEAN
YERTR AT R AR S e -k, el il F- H AR A
I IR MR AR R i 25 AR AR 2 AN AR 77 £ i £
FLEE WA RZEEINTNN R
( Boonyatumanond , et al., 2007 ; Liu et al., 2007 ; [7]
N4, 2010; 72645, 2010; Lorenzi et al., 2011;
Wang et al., 2011a; Saeedi et al., 2012; Jiang et al.,
2014; 2015; Wei et al., 2015;
Bandowe, et al., 2016; T Wi 5%, 2016; Zheng,
etal., 2016). [ N 4b 2% & 8 X E K 2
( Boonyatumanond, et al., 2007 ; Liu et al., 2007 ;7]
Wi 4, 2010; Lorenzi et al., 2011; Wang et al.,
2011a; Saeedi et al., 2012; Jiang et al., 2014; Wei
et al., 2015; Soltani et al., 2015; Bandowe, et al.,
2016; EHISE, 2016; Zheng, et al., 2016) %5 JHJE
WK 2B (JE 22 B4, 2010) & K 2 ( Mannino
et al., 2008; Qi et al., 2014) . K B2 ( Zhang
et al., 2008) T/ PAHs JFJ& i K E 7T 0 HAE 2R
A5t PAHs YR AT 7 T, S )5 ] TR EAL S )
UV (B BRAT4E,2007; JA % &%, 20105 Lorenzi
et al., 2011 ;Wang et al.,2011a;2011b; Jiang et al.,
2014 ; 25933645 20145 Qi et al.,2014; ERISE, 2016;
Liang et al., 2016) 3% & ( Grimmer et al., 1981) |
PR (Ravindra et al., 2008) 55 P s, LA K

Soltani et al.,

HERCIR I B35 (Inomata et al., 2012) A2z i - F1i
FERIYE (Miguel et al., 1989) T M43 Hr-2 04k 1k
[B10992: (Liu et al., 2007 ; #5535 2014; F e,
2016) IEHFE 10 ffik (Larsen et al., 2003) 55 5E
LR S I RS I o N2 | /NI 1 B =y
PAHs 75 4 AR XU AT 52 ) 2

TEEF T AN TR AR D 2 [ 55 e 1 LA A 1Y 24
JAE T S SCAR 44 IR 22—, i e e R A LR R AT IX
W UE S kA 18 Ab 2 22 AT R Bl R (M) -TF
() A58 BARHURARE 42 | R T b it i 1) 1) P i
HH 32 #2013 AR, FF 3T & B0 5
4990.2 J3 NIK, Jig i A 207.8 127G, & 4T GDP
) 15.24% (FFETAT SR, 2014) KL, AHF 58 %
BEITEIT 4 A F AR A BFIE R4, TR 4 Bl 3%
JRAE (VAR TR R 23 Bl K 28 ) PAHs (9 5% & 210 15
Y fEERR RS KR IR R T, B AR B A T A BN B
FIiF 2 A R /K, I Ry b 1 2 Dl R B 45 B 95 e
TR PR

2 MBS 77 (Materials and methods)

2.1 BEEAUEGHERXE

LR 5 PRI BT A A2 1 T AR el (]
HIZBE R IREEIR O K 7S 18] o A 45 40 1 45 I
ROEFE = AN (PL) BREE A B (PT)  AH FE SF
(PX) FE I B3R (PQ) AE A BIF SR G K AR A5
A T 45 S DXCTE B 457 4 3 R 55 A 3 b, 45 58 £ b 1
RSB AR B T RN SR S 2 D 4 A
OB R PR B 1 FNIET 1A BEl K A B R 4
F 2014 4F 9 A RAEHT— JE TR K, 16 0 B I K Bk
55 WU RS T RFEHE i 45 A T B SR 55
FAR—3, BRFREH KA — K, B3]k w5
IR A I8 AE TR AL L 1 5 IR E il
A 5 A KA FHRE (BT HEEZ 100 g)
SRIGH TR A, R h i sk IR fk el T,
AR I A BHAS TR A A WF R A PLPT,
PX #l PQ 235K 4 18 11,8 Al 16 K AL FE i, 3
53 M.



4502 7N A . - 36 &
F1 ERHEAEEFEER
Table 1 The sampling park information in Kaifeng City
N . AV hm? WEw/ N
NI PR RN RS - 5 X
FidbTE AL KIRER SR 2012 4 2013 4 2014 4E
PL 1692 4E FE% 4A 18 39.30 47.30 12.20 95 110.0 130.0
PT 1773 4F E% 4A 11 41.62 9.62 10.70 30 322 33.8
PX 1776 4% HK 4A 8 2.00 0.00 0.50 69 61.0 68.0
PQ 1998 4f EK 5A 16 32.00 8.00 10.30 168 176.0 226.0

=i
7

| Hoowme s
HE 5
i

ES N EEy|
R ER =Y

(=}
8]
g

E1 FHHARE

REFER ST E

Fig.1  Location of the park dust samples in Kaifeng City

22 HEAELE PAHs & EIE

IR AN e = N E— 25 KT, FH 3 B ik
B, 4Bt 60 H (0.25 mm) J& T i ( /5 i
&, 2007) , % H.

FEdl PAHs B FREURZRFE S 15 ¢, ik i fik
IR B0 22 mL AL 4 B g P sis )
AL (ASE-350, 36 [E 842 ) 2 UK 2R 1) PAHS.
FEHU A 1E Ot/ TN EITR A T (RFRLEL 1:1) , $2H
TELEE 140 °C , 2 G0E58 10.3 MPa, JIFAETE] 7 min, #
BAEILEFA] 5 min , 5 VR &7 28 BOB AR B 60%
RIKHETE] 60 s, JEF UKL 2 IR

FEGH PAHs ¥ Ak . 81 Florisil [ AH A€ BUR: (4l
Siomon Aldrich 500 mg/6mL SPE /M) 7E 4> H 3]
[ FH 2€ B ( Preval SPE 304, b 50) #4744k, 260
IR A (TLFE 50 °C) ¥4 % 2 mL, SR 5%
AR AT . O L B S mL PR/ IE O e
AW (EBE 1:9) Jm AR, HES XL
4 mL-min”' BFLE E R WS *H%}ﬁ?—tﬂv—,ﬁﬁn
A5 mL IECREHAT IR G ; @ B AE 4 3 mL #EHL
BOMARERN  HEZS R L, 4 mL-min™" BYFE A 3
25, PR O T 10 VR WKV . 1 A I AL 5 mL
PR/ EC e (RFREL 1:9) IRAW, VA 4 mL-min™
TR TE, 2, AR R T R — i @K
e AR (R 50 C) B R =ir 15,

ECREERZE 1 mL FE.

JRZE PAHs it e « HIAS0M €3 - o i Bk A
(GC-MS, Agilent 5975C/7890A ) illl & ¥£ f PAHs %
2 {#H HP-5MS 7 (30 mx0.25 mmx0.25 pum)
EFEFEE 1.2 mL-min™ ; FEFETHE 70 °C 1445 5
min, L 20 °Cemin~'FHIEF] 280 C ,{%:}% 10 min;%?
JRIEREE 230 °C, UZATIREE 150 °C , f& 5L iRE 280
C 3 B TR SIM A=, bRk
23 REEH

St AR R OR O A bR A AT S
B AT T s ) 1R s 0 TG E A 4 A R SR A T e
WS G AR [ R AR AR TR 67% ~ 123% 2 [8], -3
IR 80% 5 X BN HE b (n = 53) #B-F- 4715 2
W, PATHRE R AIXHR 22357 15% LA
2.4 &4 PAHs W75 L8077 3%

K WM 25515 Y8 5 (P) PEM IR 22 h
PAHs 75 G R 8L, 1F 5 A X8 (Wang et al.,
2011b) :

P = (1)
i_CS
2 1 2
Pimax + (z sz
n o,
P= 2
: (2)

i, PR IR A PAHs d4) i BIT5 Y488, C 2 i
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Fh 22 3105 & 0 S 5 i, € R @ P 235 B 17N
ZWH, P, ST 18 B e R A, P2t
FE RS T PAHs IYZR5 15 B850 P - 9CR I 1
SEFRIFE I I EORBLTE ) (HI/T 166—2004) M HY by
W P<0.7,%4;0.7<P <1, B 1<P<2, 5875
Y 2<P <3, 5y, P>3, 5L
2.5 A&/ PAHs i f& R &30 0F

HAET, 24 9 5 KU 389 & ALY ( Incremental
Lifetime Cancer Risk, ILCRs) #%) iz b Al T ¥ 85
PAHs F) fidt 5 AU Al ( Wang et al.,2011a; Saeedi
et al., 2012; Soltani et al., 2015; Bandowe et al.,
2016) AHH IR M ILCRs AEAIPFAL JLEE AN 3
DB IR R B JER 42 fioh 25 34 725 % 8 3 Pl JK 2412 PAHs
AR B ARG, 22 - 11 B (PR A | 22 B IR
P fuht8 A7 PAHs SBCE IR A X (3) ~
(5) i~ (Wang et al., 2011a; Saeedi et al., 2012;
Jiang et al., 2014; Soltani et al., 2015; Bandowe
et al., 2016).

3
[BW
CSXCSF g, % N XIR ¢ XEFXED

ILCR y g =

3
“IBW
CSXCSF g ¥ %xSAxAFxABSxEFxED

5
BWxATx10° (5)

CS = Y (PAH, x TEF,) (6)

CR = Y (ILCRyg + ILCRypy + ILCR )
(7)

2, CS BHAE MK PAHs PRI BEPE Y
WIE (mg-kg™") ; TEF 0 PAHs HUARH ST BaP 1Y
FEME R B, CSF 2 PAHs 0 B0 & R W 1
(kg+d)-mg™", 5T BaP MYEUBEE MBI AE , CSF e,
CSF g 11 CSF g 77904 7.3.3.85 F125 (kgd)-mg™
(Wang et al., 2011a; Saeedi et al., 2012; Soltani
et al., 2015) ; ILCR 4 L ILCRyy o ILCR i 73 1 A2
NARZETF- 1R B I W A TRz ok 2 flh 2% 8 K 22
PAHs A SRS ; CR J& ik 3 FP e ey
SRV A2 5 B i At 2 500U% U WL 3R 2
2 3. CR 1Y B0 KU 25 28] 43 A o (Jiang et al.

ILCR s = BWXATXIO (3) " 2014; Soltani et al., 2015) JHy: CR< 10 375 1] LA
' BW Z LAV, 107 <CR< 107 TR AE 16 AR T 1fif 372
CSXCSFH?”&XJ; XIR g XEFXED VB TE AU, CR> 10 F7m A B K AT FE XU
TLCRepy = BW XATXPEF 4
*2 ZSHERRIENMEEBSSHERERE
Table 2 Parameters used in the incremental lifetime cancer risk assessment
B

s e i JLE(1~6 %) BA(T~31 %) ZEo

BW AR TE ke 15 61.5 Shi et al., 2011

EF IS ES d-a™! 180 180 Shi et al., 2011

ED FRAERR a 6 24 US EPA,2001

IR I 33k 2% m*d™! 10 20 Soltani et al., 2015

IRy IR TR mg-d™! 200 100 US EPA,2001

SA FE R A 1) B JHk T AR cm®d”! 2800 5700 US EPA,2001

AF WAL R mg-cm > 0.2 0.07 US EPA,2001

ABS EYATES S 0.13 0.13 US EPA,2001

AT NP d 70%365 70%365 Ferreira-Baptista et al., 2005

PEF THEDIE R B m kg™ 1.36x10° 1.36x10° Shi et al., 2011

7 2R AR, B XU A0 4l A — 5 HY AN
TETE , N5 5 1R AR B AN E T A5 A AN E
S BN AN W 7 M AR TRL B A E RS X S
B PEAR S TE— EREE SR 48 SR i T S 1.

3 RS (Results)

3.1 &2 PAHs 4 & 54 &0 #7
M4 ANANFE KRS PAHs &gt (£ 3) Al i,
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S PAHsIH &R 332.20~7535.10 pg-kg™",F1
{54 1320.10 pg-kg ' ; LMW A1 HMW [1)5F-2&& /3
WK 487.27 wg- kg Al 832.83 pg- kg, A&
S PAHsHI 36.9% 1 63.1%. & BUEMEBAARHE I [a ]
& &N 114.79 pg-ke™', 5 M EZH TR &
) 8.69%.PAHs AR FELIFIR (4~6 )L BYH
F, AR B SR B R (a) BLURIE(b) 3K

BRI (a) B8, P& AR 200.48 122,52,
173.75.108.51 ,146.20 . 114.79 pg-kg™'; & AR
SR e, SF ¥ A 4r i o 13,68 T 7. 46
pe ke R 3 BV LLE W, BRERK OB 28 T
AR AN A PR Y 8 TR AR S, Ho, 2% RO
(a) 6 I (a,h) B BidE (1,2,3-cd) LAY S
RE(CV) =T 160%.

R 3 x4 PAHs Bkt

Table 3 Statistics of PAHs contents in dust samples
PAHs BL{f HE TEF® A/ Cgke) cv
e/ ME 5PN ¥{E

#%(Nap) 2 0.001 11.93 1931.85 110.54 236.81%
JEN (Ace) 3 0.001 1.29 55.22 13.68 81.21%
JE (Acy) 3 0.001 0.00 19.86 7.46 58.71%
% (Fl) 3 0.001 0.00 99.77 32.59 62.38%
3 (Phe) 3 0.001 40.13 1333.31 200.48 100.16%
H(Ant) 3 0.01 0.00 644.81 122.52 103.08%
FEH(Flu) 4 0.001 16.43 973.18 173.75 105.52%
EE(Pyr) 4 0.001 0.73 721.07 108.51 121.23%
Jifi (Chr) 4 0.01 2.35 431.46 57.05 124.77%
#If(a) B (BaA) 5 0.1 19.01 837.33 146.20 114.42%
I (k) DB (BKF) 5 0.1 0.00 321.58 50.01 113.04%
I (b) DB (BbF) 5 0.1 0.00 658.02 99.87 117.82%
I (a) tE (BaP) 5 1 6.11 1137.93 114.79 162.36%
T #9f(a,h) E(DaA) 5 1 0.00 543.64 38.60 223.03%
Bidf(1,2,3-cd) EE(IP) 6 0.1 0.00 535.32 21.91 359.33%
#3f(g, h, i)3E(BghiP) 6 0.01 0.00 184.95 22.15 139.91%
Y PAHs — — 332.20 7535.10 1320.10 93.53%
LMW" — — 111.90 3357.20 487.27 100.56%
HMW* — — 142.10 4177.90 832.83 95.70%

¥ :a.PAHs BUAAR Y T BaP BT %0 ( Wang et al., 2011a) ;b AKFF(2~3 37) PAHs B &5 2 Fl ;e B FF (4~ 6 FF) PAHs 45 f 2 il

5 A A I T KK 2 PAHs & AL,
FEEITT 4 AR KA Y PAHS -2 55 bR i T2
2 2% (1100 + 801) pg - kg™', Boonyatumanond
et al.,2007 ) B I 07 307 95 55 (1074.58 pg - kg,
Soltani et al., 2015) . JL &L (398 wg - kg™, [A] T 45,
2010) &b, T A T 2= M (3900 pg- kg™, Jiang et al.,
2014) J7M (4800 pg-kg™', Wang et al., 2011a) . |
T (422 20648 ng- kg™, 5 % 14098 pg- kg™, Liu
et al., 2007 ) . Bt BH ( 1928. 66 wg - kg™, F il 25,
2012) H1% (3223.11 pg-kg™", BAEAESE, 2012) %5
WX AT RESE T IR AR AR RS 2R E T
YT TE A B 5T R AE T PAHs AN i A A X
L /N Begn A

B 4 AT KA PAHs #5208 2~3 38 4 38 5~6
HAE=#E (E 2) alA1,2~3 3£ PAHs 5 X PAHsHY
17.42% ~ 61.71% , V- 345 38.07 % ; 4 31 PAHs

Y PAHsAY19.35% ~47.16% , V-1 731.43% ;5 ~ 63f
PAHs 5§ S PAHs 1Y 13. 66% ~ 47. 09%, ¥ ¥ K

——r
0 025 0.50 0.75 1.00
2 Ff 43 B

2 TAEAERKRL PAHs BIEHRE S
Fig.2  Distribution of PAHs with different rings in Parks
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30.50%.4 AT KA PAHs #4104 3RD)_E i 5
k3, T35 X PAHsY 61.93% . AN[R] 23 [ (17 K 248
PAHs 453 FEfE A AL, R I HOR JH A — 2 1
AP . AN ] 28 Bl 45 55089 PAHs 41 43 78 = £ K]
TR ECRRE LA, PX AT PQ YU, o Al A~ el
B h—tt FHAH PAHSs BSKJ5 5 AL

4 AR PAHSs 1Y 35 F AL S AF 7R —
Z5 (K 3). AP KA T PAHs F & RN PX
(2472.00 pg-ke') >PT(1527.64 pg-kg') >PL
(1066.22ug kg™ ) >PQ(887.09pg kg™ ) , LMW |

4000
[ XPAHs
3500 = Lmw
3000 HMW
Top 2500 |
-
El
= 2000 |
Z
& 1500 |
1000 |-
500 |
0 1 I 1
PQ PT PL PX
N5l

B3 AREAEMKLE PAHs HAMESSE

Fig.3 Composition and concentration of different dust PAHs in

HMW B I3, HMW 925 & i 3
T LMW, PX PT .PL 1 PQ &) HMW/LMW 4354
1.87.1.49 1.60,1.95.PX JKZR R ZEIF: (a) BE . 5K
H(a,h) B B3 (1,2,3-cd) EEHETE 4 NN
i, oA 4 DA REPEEIE R 9.91,14.08 ,24.43
i, R T 28 B K2R i B2 PAHs BRLAR i Y A8
S R BAR K IX AT R 51 b T3l v, Jo 6l 2
AR LK AR IR 3 T B i, FRE K,
AL YT S
3.2 & PAHs 75 i #

VPR g KA + 3 bR ifE R PAHSs A9 54 BRAE
(Z5 BB AT [al tE AT [a) B ATR [ k] 900
FIFE[b ]9 I [a,h & BIF[1,2,3,cd] 2
RYBRAE A 100 wg-kg™') (Aannokkee, 1990) 1 Ay =X
(D) C AH, 55 8 A B K22 PAHs 19 P A X
HAFTG PR S A /B3R 4) & 4 AL S
[ BE KA 1Y) PAHs V5 Yo A8 AN [R] , 7375 Yo it )
AR/ PX(FET55%) SPT(Hi5 54 ) >PL(#15
Po) >PQ(ERLR) . PX SFAE S A KA PAHs ARTERE
FETS YL TG et s8R R A S A1962.50% ; PT
I PL BB a5 Y (HRTH 5 Yo A V5 Yeif s 4L
ZFJaE 70 27.27% 5.55% ; PQ FKFRATFE S HR
TEBRRULR , 5 SRR S 181.25% , 5% b TG e
FE RS A SR 6.25%.

Parks
®4 TEAEPAHs P ERAESLAEERSTSH
Table 4 P indexes of PAHs in dusts and the number of samples in different pollution categories
AT P N[5 YR A 1 T 0 B
Rlee] P Gh e B B G g EREE S
PX(n=8) 1.72~8.31 3.69 — — 37.50% — 62.50%
PL(n=18) 0.43~3.09 1.24 16.67% 27.78% 50.00% — 5.55%
PT(n=11) 0.74~14.36 2.60 — 18.18% 45.45% 18.18% 9.09%
PQ(n=16) 0.32~3.29 0.97 43.75% 37.50% 6.25% 6.25% 6.25%
3.3 &4 PAHs f# B M K3 H ®5 BATILERERZRZR ILCRs 7 CR
ﬁﬁgﬁ( 3) - (7) 'H“%:ﬁ%"%u/&jf(é{:\_%TXd‘Jﬁ}\ Table 5 ILCRs and CR in different exposure approaches for adult
s d child
MILEZR 3 Fh R FF R 2 IR FF 1210 TLCRs Al CR —
. . N NBE GiitH ILCRspn  ILCRspypep  1LCRsppy CR
(3 5) WA s X TRAMILEE 3 gk s ik 12 N R oS R e ——"——
N /N AT7x .07x 78%107 1 .54x
f9°F-2 ILCRs 1 CR /N T 107, Bk b A FEAE L
A st L b | L[] bt JLE R 2.98x107 3.71x107° 5.77x107" 6.69x107°
P AR AN I R S LB | B TR i 2 e 8 1Y)
. R o B 4.06x107  5.06x1077  7.87x107"  9.12x1077
JKZ: PAHs % 8% & 42, H ILCRs 4390 CR
. iﬂ%m o FME 1.92x107% 3.42x107% 1.49x107"2 5.34x107°
¥ 64.05% (JRA ) il 55.48% (L2 ) ; HUCR R TR B B a0 im0t LE00 0 6a5e1n-t
., . HK L 32x 13x .80x% 45X
2 PAHs B FE4E, 405 5 H CR 19 36.06% ( AL A) A
PfE 3.17x107  5.63x1077 2.45x107'" 8.79x1077

H144.529% (L) ;WA K PAHs ST
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HAth 2 Fhigte 4~5 MRS, WA RS
PIAE B WF 55 40 — 30 ( Wang et al., 2011b; Jiang
et al., 2014).

AN BE IR 2R PAHSs XiF L3 AR A S 44 £
BRI (F 4) Sk F XL I XU s T N, O 22
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Fig.4 Average CR of PAHs for adult and child in dust from

different parks

4 118 ( Discussion)
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Fig.5 Relationships between the P,CR of PAHs in the dusts and
visitor density per unit area, ratio of water area and park area

in parks
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KEVGREEEPEA T, B 230, Jow 3 & ) e
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Fig.6  Source identification with compositional analysis of PAHs in

surface dust from parks in Kaifeng
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5 &5 (Conclusions)

1) JF &7 2 bl K 242 PAHs B9 F 34 & & >
1320.10 pg-kg™" KT 2200 HH 10 3k 7 A3 2.
AHESF K2 PAHs &2 (2472.00 pg-kg™") SERIEA
bel (1527.64 wg-kg™') > 52/ bl (1066.22 wg-kg™)
ST T e (887.09 pg-kg™') . AR KR PAHs L)



4508 w8 B

36 %

4~5 LBk, FH LMW/HMW 4 0.65.

2) AHESE  BREEA B | e s 8 e IR A A7 AE AN [
FREERY PAHs 53¢, Horp AHESE R Ei59, SIE A
G RCE Sy R R/N T S R R i M SR G 7 b
15 .

3) A SF K2R PAHs B9 CR #iad 107, /776 N
AT it 32 V8 A S0 AU (45 5 | R AT R 5 LAt
ISR ASAE TR B0 AR . B R 42 il 2 e 2219 PAHSs
TRTRIBAE T E 42 folad A2 ] Z g AN, L3 f B XL
(S PN

4) BN BE A PAHs S5 75 YL B A R
JRURSE ) R 2R R A2 4, 2 e el B[] B B 7
PRI W% R N AR O Z R LR A1
gk

5) FFE T e MR K B v PAHs FEEORIE T
JE AN A P B R RS A3 R IR T A i it e,
AJE TR A BRI

gt A R R A RIS AR R T K F 2012 BIREAF
F A AF AR NN KW FHIE NGR KEFZ KEMW
) 5 09 45 Bl | £ e R BT

REEEEN: AL (1958 —), B, #4m a0, £
BNEIE M IR S A f 4 M F A K. E-mail: mjh@ henu.

edu.cn.
£ % 3Lk ( References) :

Aannokkee G J.1990.MT-TNO Research into the Biodegradation of Soils
and Sediments Contaminated with Oils and PAHs//Arendt F,
Hinsenveld M, Van Den Brink W J.Contaminated Soils’90[ M].New
York : Kluwer Academic Publishes.941-945

Bandowe B A M, Nkansah M A.2016.Occurrence , distribution and health
risk from polycyclic aromatic compounds ( PAHs, oxygenated-PAHs
and azaarenes) in street dust from a major West African Metropolis
[ J].Science of the Total Environment,553; 439-449

Boonyatumanond R, Murakami M, Wattayakorn G, et al.2007. Sources of
polycyclic aromatic hydrocarbons ( PAHs) in street dust in a tropical
Asian mega-city, Bangkok, Thailand [ J]. Science of the Total
Environment ,384 (1) : 420-432

Christensen E R, Bzdusek P A.2005. PAHs in sediments of the Black
River and the Ashtabula River,Ohio: source apportionment by factor
analysis[ J]. Water Research,39(4) : 511-524

K357 R, KB, 2. 2014, BT 3R JZ L 2 BT IR 40 A
AES AT T]. PRSI 34(4) : 989-995

Fang G C,Chang C N,Wu Y S, et al.2004.Characterization , identification
of ambient air and road dust polycyclic aromatic hydrocarbons in

central Taiwan , Taichung[ J].Science of the Total Environment,327

(1) 135-146

Ferreira-Baptista L, De Miguel E.2005.Geochemistry and risk assessment
of street dust in Luanda, Angola; a tropical urban environment[ J].
Atmospheric Environment,39(25) ; 4501-4512

HRAEE. 201207 & Tl KA LR POPs (K15 HARAEBT S [ D] OB
ERGIEL RivNe

Inomata Y, Kajino M, Sato K, et al. 2012. Emission and atmospheric
transport of particulate PAHs in Northeast Asia[ J].Environmental
Science & Technology ,46(9) : 4941-4949

Jiang Y, Hu X, Yves U ], et al. 2014. Status, source and health risk
assessment of polycyclic aromatic hydrocarbons in street dust of an
industrial city, NW China [ J]. Ecotoxicology and Environmental
Safety,106:11-18

FETSE R 2014 BT GEHAE Y[ M] P& P E TSR

Larsen R K, Baker J E.2003.Source apportionment of polycyclic aromatic
hydrocarbons in the urban atmosphere: a comparison of three
methods [ J ]. Environmental Science & Technology, 37 (9):
1873-1881

ARG, B FHPE, B0, 4. 2014 RIT = MR K h 25 1R 1 2
Toor A, R AR AL S [V ] B R A A, 34 (12)
2963-2972

Liang J, Fang H, Wu L, et al. 2016. Characterization, distribution, and
source analysis of metals and polycyclic aromatic hydrocarbons
(PAHs) of atmospheric bulk deposition in Shanghai, China [ J].
Water, Air, & Soil Pollution,227(7) ; 1-14

Liu M,Cheng S B,Ou D N, et al.2007. Characterization , identification of
road dust PAHs in central Shanghai areas, China[ J]. Atmospheric
Environment ,41(38) . 8785-8795

PRI A, VEFEH, %2007, ASE FEIL-SPE ¥ fb-HPLC 355 £
Hh ZRHI5 R[] B E RS HR 19(3) : 25-27

Lorenzi D, Entwistle ] A, Cave M, et al.2011.Determination of polycyclic
aromatic hydrocarbons in urban street dust; implications for human
health[ J].Chemosphere,83(7) : 970-977

THRet, 135, TR 111, 56,2007, BR VT = A Y — 8L 3800 3 £ 9555
R B dat BORIRL ) ] IR 244,27 (10) + 1727-1733

Mannino M R, Orecchio S. 2008. Polycyclic aromatic hydrocarbons
(PAHs) in indoor dust matter of Palermo (Italy) area: extraction,
GC - MS analysis, distribution and sources [ J ]. Atmospheric
Environment ,42(8) ; 1801-1817

Miguel A H,Pereira P A P.1989.Benzo (k) fluoranthene,benzo ( ghi)
perylene,and indeno (1,2,3-cd) pyrene: new tracers of automotive
emissions in receptor modeling[ J].Aerosol Science and Technology,
10(2) : 292-295

Qi H, Li W L, Zhu N Z, et al. 2014. Concentrations and sources of
polycyclic aromatic hydrocarbons in indoor dust in China [ J].
Science of the Total Environment,491, 100-107

Ravindra K, Sokhi R, Van Grieken R. 2008. Atmospheric polycyclic
aromatic hydrocarbons: source attribution, emission factors and
regulation[ J | . Atmospheric Environment,42(13) ; 2895-2921

Saeedi M, Li L Y, Salmanzadeh M.2012. Heavy metals and polycyclic
aromatic hydrocarbons: pollution and ecological risk assessment in

street dust of Tehran[ J ].Journal of Hazardous Materials, 227-228 ;



12 3 Bofg a5 P E T A el 2 K2 PAHSs 15 %% SRR RS 14 4509

9-17

Shi G, Chen Z,Bi C,et al.2011. A comparative study of health risk of
potentially toxic metals in urban and suburban road dust in the most
populated city of China [ J]. Atmospheric Environment, 45 (3) :
764-771

Soltani N, Keshavarzi B, Moore F et al.2015.Ecological and human health
hazards of heavy metals and polycyclic aromatic hydrocarbons
(PAHs) in road dust of Isfahan metropolis, Iran[ J ].Science of the
Total Environment,505; 712-723

Grimmer G, Naujack K W, Schneider D.1981. Comparison of the profiles
of polycyclic aromatic hydrocarbons in different areas of a city by
glass-capillary-gas-chromatography in the nanogram-range [ J ].
International Journal of Environmental Analytical Chemistry, 10(3/
4): 265-276

US EPA.2001.Supplemental guidance for developing soil screening levels
for superfund sites[ R].9355 4-24. Washington D.C;US EPA

M, BRI G, B R AR 2016. 75 7 TR KA T 2 IR R S A
AR AURARNT[ T ] FRIERL 2,37 (4) :1279-1285

Wang W, Huang M, Kang Y, et al. 2011a. Polycyclic aromatic
hydrocarbons (PAHs) in urban surface dust of Guangzhou, China;
status , sources and human health risk assessment[ J].Science of the
Total Environment,409(21) : 4519-4527

Wang N,Lang Y, Cheng F, et al.2011b. Concentrations, sources and risk
assessment of polycyclic aromatic hydrocarbons ( PAHs) in soils of
Liache estuarine wetland [ J ]. Bulletin of Environmental
Contamination and Toxicology,87(4) ; 463-468

FHE, SR ARET, 45,2012, 5t BT 8 Bt ROR A vh 23035 %2 1 4y

A RAIE e A= U VPG [ 1] A2 P 2224 ( A AR E IR
46(4) . 483-487

] B, 2530 F, SRVTAT, 45,2010, I8 S 30 X H 8% K 28 5 42 8 R 22 3R 05
G5 PARBURAT [ J] AR ,31(1) ¢ 159-167

Wei C, Bandowe B A M, Han Y, et al. 2015. Polycyclic aromatic
hydrocarbons ( PAHs ) and their derivatives ( alkyl-PAHs,
oxygenated-PAHs, nitrated-PAHs and azaarenes ) in urban road
dusts from Xi’an, Central China[ J].Chemosphere,134. 512-520

Yap C K,Chew W Y, Tan S G.2012.Heavy metal concentrations in ceiling
fan and roadside car park dust collected from residential colleges in
University Putra Malaysia, Serdang, Selangor[ J |. Pertanika Journal
of Tropical Agricultural Science,35(1) ; 75-83

Yunker M B, Macdonald R W, Vingarzan R, et al.2002. PAHs in the
Fraser River basin; a critical appraisal of PAH ratios as indicators of
PAH source and composition [ J ]. Organic Geochemistry, 33 (4) :
489-515

Zhang S, Zhang W, Shen Y, et al.2008. Dry deposition of atmospheric
polyeyclic aromatic hydrocarbons ( PAHs) in the southeast suburb of
Beijing, China[ J ]. Atmospheric Research,89(1); 138-148

Zheng X ,Yang Y, Liu M, et al.2016.PAH determination based on a rapid
and novel gas purge-microsyringe extraction ( GP-MSE) technique
in road dust of Shanghai, China: Characterization, source
apportionment , and health risk assessment[ J].Science of The Total
Environment, 557 ; 688-696

JAZ A SRR AR SR 45.2010. 23 I 18 ) K 2k 22 3R 55 8 43 A1
AEBSRIERIFEL T ] E PR ,30(10) ¢ 1303-1308



